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Modulation of c-los and egr-1 expression in the isolated perfused kidney
by agents that alter tubular work. The isolated perfused rat kidney
provides a model of selective hypoxia to the medullary thick ascending
limb. To investigate the relationship between immediate early gene
expression and the extent of hypoxic damage, we determined expression of
the immediate early genes (LEG) c-fos and egr-1 in isolated perfused
kidneys during standard perfusion and after various measures shown
previously to be protective. mRNA levels of c-fos and egr-1 were markedly
increased in kidneys after 90 minutes of standard perfusion with Krebs-
Henseleit buffer containing albumin. Gene expression was most promi-
nent in the outer medulla followed by papilla and cortex, a pattern
reflected by the immunohistochemical demonstration of a prominent
accumulation of both egr-1 and c-fos polypetides mainly in the medullary
thick ascending limb (mTAL). Protective measures known to minimize
morphological damage to the mTAL, including hyperoncotic perfusion,
perfusion with glycine, or perfusion with a mixture of amino acids,
decreased mRNA levels of c-fos and egr-1 in the outer medulla (by 50%
and 35%, respectively) and the papilla (by 60 and 30%, respectively).
Renal cortex showed only minor changes. In contrast, prevention of
tubular transport by perfusion with 1 mat ouabain increased mRNA levels
of c-fos and egr-1 in the outer medulla by 100% and 60%, respectively.
Ouabain also dramatically increased mRNA levels of both lEGs in two
lines of cultured renal epithelial cells. Changes in the level and distribution
of the protein products of these lEGs were not detectable in perfused
kidneys by immunohistochemistry. Hypoxic injury of the kidney stimulates
lEG expression even in the absence of reperfusion. Protection against
hypoxic injury in the mTAL correlates with suppression of lEG mRNA
levels when protection is provided by amino acids or hyperoncotic
perfusion, but not when provided by inhibition of Na,K-ATPase, which
stimulates lEG expression. We conclude that diminished lEG expression
is not a necessary concomitant of protection against hypoxic injury.
lschemic damage of the kidney initiates a set of cellular
responses resulting in cell growth and division in order to replace
damaged tubular cells with new ones that restore the continuity of
renal epithelium [1]. One of the first steps of this regenerative
process is the activation of proto-oncogenes or immediate early
genes (lEG), such as c-fos [21, or early growth response gene 1
(egi-1) [3]. These genes encode DNA binding proteins thought to
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initiate a cascade leading to increased DNA synthesis and cellular
proliferation.
In the kidney the sequential responses of gene activation of
c-fos and egr-1 have been extensively studied in animal models of
renal ischemia/reperfusion injury [4—6]. Interestingly, gene acti-
vation in these models occurred only during the reperfusion phase
after various periods of ischemia, whereas during the relatively
brief period of ischemia itself no enhanced lEG expression was
observed [4]. Thus, it remains unclear whether activation of lEG
is a result of hypoxia or of subsequent reperfusion injury.
In contrast to ischemia/refiow models of renal artery clamping
with subsequent reperfusion, perfusion of the isolated rat kidney
with oxygenated albumin/Krebs-Henseleit buffer produces selec-
tive injury to medullary thick ascending limbs (mTAL) as a result
of regional hypoxia [7]. This injury can be minimized by measures
that reduce tubular transport (ouabain, hyperoncotic perfusion)
or by the addition of a mixture of essential amino acids or of
glycine alone to the perfusion medium [8—10].
The aim of the present study was to see whether hypoxia
without reoxygenation induced in the medulla, by perfusion of the
isolated rat kidney, stimulated expression of the immediate early
genes c-fos and egr-1, and if so, whether gene expression could be
modified by protective measures shown previously to reduce
hypoxic injury to medullary tubules.
METHODS
Animal model
Male Sprague-Drawley rats weighing 360 to 470 g and fed on
Purina rat chow were used for all experiments. Isolated perfusion
of the right kidney was performed according the method of Ross,
Epstein and Leaf [111. Basic perfusion medium consisted of a
Krebs-Ringers-Henseleit solution (containing in mM: Na 143,
C1 103, K 4.5, bicarbonate 24, Ca2 2.5, Mg2 1.2, phosphate
1.2, pH 7.4 when gassed with 95% 02, 5% CU2) with bovine
serum albumin (BSA) at a concentration of 67 g/liter and glucose
at 5 mrt. All perfusions were carried out for 90 minutes. Urine
collections and perfusate samples were obtained for clearance
measurements every 10 minutes. At the end of the experiments
kidneys were either dissected and snap frozen for further RNA
preparation or perfusion fixed for immunohistochemistry.
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Experimental groups
Native kidneys, not subjected to perfusion (N = 4). To compare
gene expression of perfused kidneys with native rat kidneys, we
anesthetized animals with Brevital® (7 mgIlOO g). Kidneys were
then either removed, dissected on ice and stored in liquid nitrogen
until RNA preparation or fixed by perfusion by periodate-lysine-
paraformaldehyde mixture (PLP) of McLean and Nakane [12] for
immunohistochemistry.
Control perfusion (N = 6). Kidneys were perfused with basic
perfusion medium.
Glycine perfusion (N = 6). Kidneys were perfused with basic
perfusion medium supplemented with glycine (2 mM).
Amino acid perfusion (N = 6). Kidneys were perfused with basic
perfusion medium supplemented with 20 amino acids at the
concentrations used in previous work [13].
Nonjiltering kidney (N = 6). Kidneys were perfused with basic
perfusion medium containing albumin at 120 glliter concentra-
tion, a hyperoncotic solution that prevented glomerular filtration.
Ouabain perfusion (N = 6). Kidneys were perfused with basic
perfusion medium supplemented with ouabain (1 mM).
RNA preparation
RNA preparation from subsections of kidneys was performed
as described previously [14]. Briefly, kidneys were immediately
dissected on ice to obtain cortex, outer medulla and papilla at the
end of the perfusion experiments and then snap frozen. The
tissues of two kidneys were pooled in each group. Total RNA was
extracted by homogenization in guanidine isothiocyanate buffer,
then purified on cesium chloride gradients. Ten micrograms of
RNA were electrophoresed on 1% agarose/formaldehyde gels,
transferred to a nylon membrane and hybridized with the follow-
ing cDNA probes: (1) c-fos, a 2.1-kb EcoRI fragment of the mouse
c-fos eDNA clone pGEMfos3 [15]; (2) egr-1, a 2.8 kb fragment of
the mouse zif/268 (gift from V. Sukhatme, Beth Israel Hospital);
(3) GAPDH: 1.3 kb PstI fragment of the rat glyceraldehyde-3-
phosphate dehydrogenase cDNA. Two independent experiments
were performed and the two resulting RNA preparations were
electrophoresed in adjacent lanes. mRNA levels were quantified
using ImageQuant software and normalized to the level of
GAPDH mRNA (GAPDH mRNA levels were constant when
compared to 18 s RNA).
Immunohistochemistry
Cryosections cut from kidneys of two animals treated with each
experimental condition discussed were examined for c-fos and
egr-1 immunostaining.
Indirect immunofluorescence. Excised rat kidneys were perfused
as described above, then perfusion-fixed for five minutes with
phosphate-buffered paraformaldehyde-lysine-periodate [12]. Fixed
kidneys were postfixed in the same medium overnight at 4°C, then
stored at 4°C in 140 mrvi NaCI, 10 m Na phosphate, pH 7.4 (PBS)
containing 0.02% sodium azide. Kidneys were infiltrated over-
night with 30% sucrose in PBS. Coronal cryosections of 7 jxm
thickness were cut and placed on Fisher Superfrost Plus glass
slides. Incubation medium consisted of PBS with 0.05% saponin
and 1% bovine serum albumin (BSA), and was centrifuged before
use. Sections were blocked in incubation medium for 20 minutes,
incubated with primary antibody in incubation medium for one
hour, washed three times for five minutes each in PBS, incubated
with secondary antibody in incubation medium for 45 minutes,
washed three times for five minutes in PBS, then postflxed in 3%
paraformaldehyde in PBS. Postflxed sections were washed three
times for five minutes with PBS, then mounted in 50% glycerol,
50% PBS containing 2% N-propylgallate, pH 7.5. Sections were
examined by epifluorescence microscopy with an Olympus BH2
photomicroscope using a 610 nm long-pass emission filter. Pho-
tography with Kodak Tmax film, development, and print process-
ing were performed under uniform conditions for all sections
stained with each antibody.
Antibodies. Rabbit polyclonal antiserum to human egr-1 was a
gift from Dr. V. Sukhatme [16], and was used at a dilution of 1:500
[17]. Affinity-purified rabbit polyclonal antibody to amino acids 4
to 17 of human c-fos (Ab-2) was purchased from Oncogene
Science (Cambridge, MA, USA) and used at a dilution of 1:200.
The manufacturer's recommended dilution of 1:40, derived from
immunostaining of human colon adenocarcinoma sections fixed
and prepared by unspecified methods, resulted in unacceptably
high background in cryosections. This problem was attenuated by
fivefold dilution of the anti-c-fos antibody. SDS pretreatment of
cryosections [18] did not enhance immunostaining with either
antibody. Secondary antibody was donkey anti-rabbit Ig coupled
to Cy3 (Jackson Immunoresearch, West Grove, PA, USA), di-
luted 1:500.
Cell culture experiments
Immortalized murine inner medullary collecting duct cells
(mIMCD-3) were obtained from Michael Rauchman. These
epithelial cells have been shown to be osmotically tolerant [19]
and to migrate and form tubules in response to hepatocyte growth
factor [20] and epithelial growth factor [21].
MDCK cells were obtained from the American Type Culture
Collection (ATCC CRL 1392). Cells were grown on plastic tissue
culture dishes in and cultured in DMEM-F12 media containing
10% fetal calf serum (Biological Industries, Israel). Confluent
monolayers were subcultured (split ratio 1:10) using 0.25% trypsin
and 0.02% EDTA in Ca2 and Mg2-free phosphate buffered
saline (PBS).
Confluent monolayers were incubated in serum-free DMEM-
F12 containing 1 JLM ouabain (MDCK cells) or 1 mM ouabain
(mIMCD-3), respectively. After 90 minutes cells were scraped off
and transferred into guanidine isothiocyanate buffer for RNA
preparation. Two 100 mm plates were pooled in each group, each
experiment was performed in duplicate.
RESULTS
Induction of immediate early gene expression by perfusion of
the isolated rat kidney
In the native kidney neither c-fos or egr-1 message could be
detected by Northern analysis in any region of the kidney. After 90
minutes of isolated perfusion, however, there was a substantial
increase in the mRNA content of both c-fos and egr-1 in all
portions of the kidney, cortex, medulla, papilla (Fig. 1). Quanti-
tation of mRNA showed normalized c-fos expression in medulla
approximately eightfold higher than that measured in cortex.
Expression in papilla was fivefold higher than that measured in
cortex. egr-1 mRNA presented a similiar pattern, with medulla
showing the strongest expression (about 3-fold higher than in
cortex) followed by papilla (2-fold higher than in cortex; Fig. 2).
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Thus, lEG expression was up-regulated in the isolated perfused
kidney even in the absence of reperfusion/re-oxygenation. More-
over, the site of maximally increased gene expression correlated
with the region of greatest tubular injury.
Influence of "protective" perfusion conditions on gene expression
In an attempt to determine if the observed increase in lEG
expression was specific for ischemic renal tubular injury, we
examined lEG expression in the isolated perfused kidney under
conditions known to protect the tubules from ischemic damage.
Perfusion with glycine and amino acids, which preserve renal
morphology and function during isolated perfusion, decreased
c-fos mRNA expression in the medulla (50%) and papilla (60 to
75%) when compared with kidneys being perfused with basic
perfusion medium (controls). egr-1 mRNA expression was less
affected by glycine or amino acid perfusion than was c-fos,
resulting in reductions of mRNA levels of 25% in cortex, 30 to
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Fig. 1. mRNA expression of c-fos and egr-1 in cortex (a), medulla (b)
and papilla (c) of rat kidneys. Lanes represent Northern blots of
double experiments of non-perfused kidneys and isolated rat kidneys
perfused with basic perfusion medium (control), or basic perfusion
medium supplemented with glycine, amino acid, hyperoncotic albumin
or ouabain. GAPDH was used as housekeeping gene.
40% in medulla and 35% in papilla when compared to controls
(Figs. 1, 3, and 4). Perfusion with hyperoncotic concentrations of
albumin (12 g%), resulting in a non-filtering kidney, had a similar
effect on c-fos and egi-1 mRNA levels but did not diminish egr-1
expression in cortex (Fig. la). These results demonstrated that
perfusion under three independent conditions known to minimize
hypoxic tubular injury in the isolated perfused kidney downregu-
lated the lEG response to perfusion.
Effects of ouabain on immediate early gene expression
Perfusion of the isolated kidney with ouabain, which protects
the tubule from injury by inhibiting mTAL oxygen consumption,
caused an increase in the mRNA for both c-fos and egr-1. This was
most pronounced in the medulla (100% and 60% increase in c-Jbs
and egr-l, respectively) and to a lesser extent in papilla and cortex
(10 to 25%; Figs. 1, 3 and 4). To determine if these effects were
independent of tubular hypoxia, lEG expression in cultured renal
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Fig. 3. Quantification of c-los mRNA corrected for GAPDH. Values
represent means of two sets of experiments of isolated rat kidneys
perfused with basic perfusion medium (:::), or basic perfusion medium
supplemented with glycine (•), amino acid (Lii), hyperoncotic albumin (U)
or ouabain (b).
tubular cells was examined. Incubation of MDCK cells with
ouabain (1 sM) for 90 minutes similarly induced drastically
enhanced c-fos and egr-i expression, without any obvious detri-
mental effects on cell viability by checking exclusion of trypan blue
by the cell membrane (Cell morphology remained normal by
visual inspection). A comparable effect could be observed on
incubation of m1MCD-3 cells with ouabain, though requiring a
much higher concentration (1 mM; Fig. 5), as expected from the
lower sensitivity of rodent Na,K-ATPase to ouabain inhibition
[22]. Thus, it appears that ouahain has a direct stimulatory effect
on lEG expression by renal tubular cells.
Expression of c-fos and egr-1 protein during isolated perfusion
In control rat kidneys perfusion-fixed in situ, egr-1 protein
staining was detectable only in rare nuclei in the cortex, inner
stripe of the outer medulla (ISOM) and papilla (Fig. 6 a, f, k).
Following 90 minutes of isolated perfusion with Krebs-Henseleit
Fig. 5. Gene expression of c-los and egr-l in MDCK and mIMCD.3 cells
exposed to ouabain (1 LM or 1 mM, respectively) for 90 minutes.
buffer, egr-1 protein expression was up-regulated in all three
regions of the kidney (Fig. 6 b, g, I), with the most prominent
increase occurring in the vascular bundles of the medullary rays
(Fig. 6g, lower right) and interstitial fibroblasts (Fig. 6g, upper
right). Interestingly, mTAL staining for egr-1 was greatest near the
vascular bundle and decreased with increasing distance from the
vasculature (Fig. 6g).
c-fos, like egr-1, was almost undetectable in cortex, ISOM, and
Cortex Medulla Papilla
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Fig. 2. Comparison of c-los and egr.1 expression in cortex, medulla and
papilla of the isolated rat kidney perfused with basic perfusion medium.
Values were determined by densitometry and are expressed as arbitrary
units corrected for GAPDH. Symbols are: (Li) cortex; () medulla; (U)
papilla.
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mIMCD-3 MDCK
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0
Fig. 4. Quantification of egr-1 mRNA corrected for GAPDH. Values
represent means of two sets of experiments of isolated rat kidneys
perfused with basic perfusion medium (L), or basic perfusion medium
supplemented with glycine (•), amino acid (LI), hyperoncotic albumin (U)
or ouabain ().
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inner medulla of kidneys perfusion-fixed in situ (Fig. 7 a, f, k).
Ninety minutes ex vivo perfusion with Krebs-Henseleit elicited
c-Jbs staining of nuclei of distal nephron epithelial cells in the
cortex (Fig. 7h) and in the vascular l)undle endothelial cells and
fibroblasts of the ISOM (Fig. 7b, lower right), hut did not
up-regulate c-fos protein expression in the papilla (Fig. 71).
Isolated kidney perfusion for 90 minutes with Krebs-Henseleit
medium containing the tubular protectants glycine or albumin,
shown above to diminish egr-1 and c-fos mRNA up-regulation, did
not result in a detectable decrease in the observed protein staining
for either egr-1 (Fig. 6 c, d, h, i, m, n) or c-fos (Fig. 7 c, d, h, I, m,
n). In addition, isolated perfusion with buffer containing ouabain,
a condition found to double c-fos and egr-1 mRNA expression, did
not detectably alter immunohistochemical staining for either
protein (Fig. 6 e, j, o, and Fig. 7 e, j, o).
DISCUSSION
The lEG comprise a diverse group of genes that are rapidly and
transiently inducible by a variety of stimuli even in the absence of
new protein synthesis [2, 3, 23—25]. A subset of these genes encode
transcription factors, like the nuclear proto-oncogene c-fos [2] and
the zinc finger protein egr-1 [3, 16], which can bind to specific
regulatory elements in the genome and thereby affect the rate of
transcription. It has previously been reported that isehemia!
reperfusion injury of the kidney induces enhanced c-fos and egr-1
expression, probably initiating mitosis to start repair of ischemi-
cally damaged tubular epithelia [4—6, 26]. Although it has been
assumed from the results of other authors that anoxiaperse elicits
expression of early response genes, activation of c-fos and egr-1
expression was not observed during the ischemic period itself, but
rather during the post-ischemic reperfusion phase [4, 6].
The present experiments demonstrate a close relationship
between hypoxic stress and lEG expression. Non-perfused kid-
neys showed barely dectectable amounts of c-fos!egr-1, consistent
with other reports [4]. Ninety minutes of isolated perfusion led to
dramatically increased gene expression of c-fos and egr-1. Parallel
to the localization of hypoxic tubular damage in perfused kidneys
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Fig. 6. (opposite page and left)
Immunolocalization of egr.1 polypeptide in
isolated perfused rat kidney. Representative
fields from cortex (a-e), inner stripe of outer
medulla (f-j), and inner medulla (k-a) are
shown from indirect immunofluorescence
experiments performed on 7 sm semithin
coronal cryosections of whole kidneys
perfusion-fixed in situ (a, f, k), or following
prior ex viva perfusion for 90 minutes with basic
perfusion medium (b, g, I) or basic perfusion
medium supplemented with glycine (c, h, m),
albumin (d, i, n), or ouabain (e, j, o). The
bright specks in inner medulla (k-o) are
autofluorescence (bar = 50 sm).
(that is, in the mTAL and the S3 segment) we found the strongest
expression of mRNA for c-fos and egr-1 in the medulla followed
by papilla and cortex. Protein expression of both c-fos and egr-1
was consistent with gene expression. Proximal tubules, which show
minimal morphological damage in our model, did not demon-
strate accumulation of either protein, and in the inner medulla
only minimal accumulation of these gene products was detected.
Conversely, the mTAL, which is the site of the greatest hypoxic
damage, showed prominent accumulation of both egr-1 and c-fos
proteins, primarily in cell nuclei. The accumulation of egr-1 and
c-fos in the nucleus presumably represents transcriptional activa-
tion of the respective genes, with unknown contributions from
mRNA and/or protein stabilization. Other researchers have re-
ported a similar pattern of egr-1 protein staining in an in viva rat
model of ischemia/reperfusion [17].
Interestingly, the regions of the ISOM thought to be the best
oxygenated (although still hypoxic in comparison to the cortex)
during isolated perfusion demonstrated the greatest accumulation
of egr-1 and c-fos, whereas the regions farthest removed from the
vascular bundles displayed least accumulation of these proteins.
These results suggest that levels of protein accumulation of egr-1
and c-fos may not be the best indicators of the degree of
ischemic/hypoxic stress in this model of tubular injury. It is
possible that severe hypoxia and/or cell death, such as might occur
in regions removed from the vascular bundles, either impairs gene
translation or enhances protein degradation, resulting in dimin-
ished protein accumulation at the most hypoxic sites.
The second point that was addressed by the present study was
the question of whether there is a correlation between various
protective measures and lEG expression. We investigated four
interventions previously shown to provide morphological protec-
tion in the isolated perfused kidney, namely perfusion with
glycine, aminoacids, hyperoncotic albumin resulting in a nonfil-
tering kidney, and perfusion with ouabain [8, 9, 13]. Of these four
interventions, perfusion with glycine and amino acids exhibited
the most profound reduction in the increased lEG mRNA levels.
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Hyperoncotic perfusion abolishing glomerular filtration was also
effective but exhibited less influence on egr-1 expression in the
cortex. All three protective measures appeared to attenuate
increases in c-fos mRNA levels to a greater degree than egr-l
mRNA levels in all renal subsections investigated. This difference
is consistent with previous observations that expression of egr-1 is
more robust than that of c-fos [27]. Ouelettc and coworkers
observed that c-fos gene induction was proportional to the
duration of ischemia, in contrast to egr-1 [4]. egr-1 gene expres-
sion, on the other hand, was not only independent of duration of
ischemic period but could also be detected for a longer time
period after ischemia than c-fbs [4]. Thus, c-fos expression might
be more sensitive to the protective maneuvers employed in our
model.
Perfusion with ouabain, which prevents morphological injury to
the mTAL in perfused kidneys by inhibiting Na,K-ATPase and
thereby reducing oxygen demand, unexpectedly enhanced lEG
expression. This finding was duplicated in cultured renal tubular
cells in the absence of hypoxia, thus demonstrating that ouabain
can up-regulate tubular epithelial lEG mRNA levels indepen-
dently of other renal cell types. This observation, together with the
effects observed during glycine/amino acid perfusion, may provide
some insight into which of the intracellular changes presumed to
occur in experimental renal failure might be responsible for lEG
induction [28].
ATP depletion and/or ADP accumulation do not appear to be
the predominant stimuli for lEG induction in our experiments.
Perfusion with ouahain, though preventing ATP depletion [9],
enhanced stimulation of lEG message. Furthermore, lEG expres-
sion was reduced during perfusion with glycine or amino acids,
although neither glycine nor other protective amino acids prevent
the fall in cellular ATP content associated with ischemia [29—31].
Intracellular acidosis, which probably does occur in certain cells
during cell free perfusion of the isolated perfused kidney, has
r aa
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Fig. 7. (opposite page and left)
Immunolocalization of c-fos polypeptide in
isolated perfused rat kidney. Representative
fields from cortex (a-e), inner stripe of outer
medulla (f-i), and inner medulla (k-u) are
shown from indirect immunofluorescence
experiments performed on 7 jLm semithin
coronal cryosections of whole kidneys
perfusion-fixed in Situ (a, f, k), or following
prior ex vivo perfusion for 90 minutes with basic
perfusion medium (b, g, I) or basic perfusion
medium supplemented with glycine (c, h, m),
albumin (d, i, n), or ouabain (e, j, o). The
bright specks in inner medulla (panels k-o) are
autofluorescence (bar = 50 gm).
been reported previously to induce lEGs in cultured renal epi-
thelial cells [32]. In the present experiments, however, perfusion
with glycine reduced mRNA for c-fos and egi-1 despite the fact
that glycine does not affect intracellular pH in isolated tubules
subjected to anoxia [33]. Ouabain, which increased levels of c-fos
and egr-1 mRNA, is reported to have no significant effect on
intracellular pH in renal and cardiac cells [34, 35], but could lead
either to intracellular acidification in cells in which Na7H
exchange dominates recovery from acidosis, or conceivably to
intracellular alkalinization in cells in which an electrogenic pH
regulatory mechanism might predominate.
The increase in lEG gene expression produced by ouabain
could be explained by an increase in intracellular Ca2 [34], a
change also characteristic of hypoxic injury. Maki Ct al [36]
reported that Ca2 plays a role in lEG induction, and a Ca2
dependent response clement in the promotor region of c-fos [37]
has been described. On the other hand, glycine and other
protective amino acids, though reducing cell injury, did not
prevent an increase in intracellular Ca2 during hWoxia in
isolated tubules [38, 39]. Thus, the reduced lEG expression
observed in our experiments during perfusion with glycine or
aminoacids may not be explainable by changes in intracellular
Ca2 .
Alternatively, alterations in cellular sodium, potassium, or cell
volume might induce lEG expression. In both the hypoxic isolated
perfused kidney and following treatment of cultured cells with
ouabain, we found a dramatic increase of egr-lIc-fos expression.
Ouabain increases the intracellular concentration of sodium and
decreases that of potassium, and potentially causes considerable
cellular swelling in cultured cells and in the isolated perfused
kidney. Similar changes are produced by ATP depletion during
hypoxia and might explain why both hypoxia and ouabain enhance
the expression of egr-1 and c-fos. [Furthermore, reduced lEG
expression in the nonfiltering perfused kidney (in which hypoxia is
prevented by minimizing tubular transport) and following perfu-
sion with glycine (which helps to preserve intracellular K content
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[31]) might be explained by this mechanism.] In agreement with
our results, Nakagawa, Rivera and Lamer have found that
ouabain increased c-fos expression and concluded that this effect
was mediated by changes in intracellular Na/K rather than by
changes in intracellular Ca2 [40].
We could not demonstrate that the maneuvers which reduced
mRNA levels of egr-1 and c-fos in perfused kidneys led to a
detectable decrease of immunostaining for their polypeptide gene
products. Nor was the large increase in mRNA for egr-1 and c-fos
induced by ouabain associated with an increase in staining for
these proteins. Although the techniques employed for in situ
imrnunohistological detection may have been inadequately sensi-
tive, it is probable that changes in cellular content of these
proteins did not in fact parallel the changes in their genetic
message, within the 90-minute experimental period.
These experiments show that protection against hypoxic injury
in the medulla of perfused kidneys can be be produced by
maneuvers that decrease expression of c-fos and egr-1 (glycine/
amino acids and hyperoncotic perfusion) as well as by an agent
that increases expression of these early response genes (ouabain).
It seems reasonable to conclude that down-regulation of c-fos and
egr-1 is neither necessary nor sufficient to provide morphological
protection against hypoxia.
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